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Abstract
Despite the advantages of getting access to the coronavirus disease 2019 (COVID-19) vaccines, their potential ability to 
induce severe adverse events (AEs) has been a significant concern. Neurological complications are significant among the 
various adverse events following immunization (AEFI) due to their likely durability and debilitating sequelae. Neurologi-
cal AEs following COVID-19 vaccination can either exacerbate or induce new-onset neuro-immunologic diseases, such as 
myasthenia gravis (MG) and Guillain–Barre syndrome (GBS). The more severe spectrum of AEs post-COVID19 vaccines 
has included seizures, reactivation of the varicella-zoster virus, strokes, GBS, Bell’s palsy, transverse myelitis (TM), and 
acute disseminated encephalomyelitis (ADEM). Here, we discuss each of these neurological adverse effects separately.
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Introduction

Despite the advantages of getting access to the coronavirus 
disease 2019 (COVID-19) vaccines, their potential ability 
to induce severe adverse events (AEs) has been a signifi-
cant concern. Neurological complications are significant 
among the various adverse events following immuniza-
tion (AEFI) due to their likely durability and debilitating 
sequelae [1, 2]. Neurological AEs following COVID-19 vac-
cination can either exacerbate or induce new-onset neuro-
immunologic diseases, such as myasthenia gravis (MG), 

and Guillain–Barre syndrome (GBS) [3–5]. In addition, 
after vaccination, hypercoagulability and a pro-thrombotic 
state may further increase cerebrovascular events [6, 7]. 
The Centers for Disease Control (CDC) Vaccine Adverse 
Event Reporting System (VAERS) has announced several 
neurological complications following COVID-19 vaccines 
[8]. The most common neurological symptoms following 
COVID-19 vaccines have included headache, anosmia, dys-
geusia, myalgia, paresthesia, weakness, and dizziness [9]. 
Several rare side effects, including tremor, diplopia, tinnitus, 
dysphonia, delirium, and syncope, have also been observed 

 * Mohammad Barary 
 m.barary@mubabol.ac.ir

 * Soheil Ebrahimpour 
 drsoheil1503@yahoo.com

1 Clinical Research Development Center, Imam Reza Hospital, 
Kermanshah University of Medical Sciences, Kermanshah, 
Iran

2 Department of Neurology, Mayo Clinic, Scottsdale, AZ, USA
3 Infectious Diseases and Tropical Medicine Research Center, 

Health Research Institute, Babol University of Medical 
Sciences, Babol, Iran

4 Mobility Impairment Research Center, Health Research 
Institute, Babol University of Medical Sciences, Babol, Iran

5 Department of Radiation Oncology, Mayo Clinic, Scottsdale, 
AZ, USA

6 Student Research Committee, Shiraz University of Medical 
Sciences, Shiraz, Iran

7 Student Research Committee, Babol University of Medical 
Sciences, Babol, Iran

8 Student Research Committee, Virtual School of Medical 
Education and Management, Shahid Beheshti University 
of Medical Sciences, Tehran, Iran

9 Students’ Scientific Research Center (SSRC), Tehran 
University of Medical Sciences, Tehran, Iran

http://orcid.org/0000-0001-8733-9370
http://crossmark.crossref.org/dialog/?doi=10.1007/s13760-022-02137-2&domain=pdf


10 Acta Neurologica Belgica (2023) 123:9–44

1 3

that are significant to note [10, 11]. The more severe spec-
trum of AEs post-COVID19 vaccines has included seizures, 
reactivation of the varicella-zoster virus, strokes, GBS, 
Bell’s palsy, transverse myelitis (TM), and acute dissemi-
nated encephalomyelitis (ADEM). Here, we discuss each of 
these neurological adverse effects separately.

Bells palsy

Bell’S palsy (BP), known as idiopathic facial paralysis, is 
an acute unilateral peripheral facial nerve palsy [12]. This 
condition is, in fact, an idiopathic facial palsy of spontane-
ous origin, although a causal association with the herpes 
simplex virus has been considered [13]. However, in the 
current pandemic, studies revealed abundant cases of BP 
following SARS-CoV-2 infection [14–16]. Several vaccines, 
including influenza, hepatitis B, and meningococcal conju-
gate vaccines, have been associated with BP [17–19]. With 
the development of COVID-19 vaccines, significant con-
cerns have arisen about their potential to trigger the onset of 
Bell’s palsy. Despite being less prevalent than expected, this 
complication has still been abundantly reported following 
these vaccines [12, 20, 21]. Nonetheless, the US Food and 
Drug Administration (FDA) announced that the frequency of 
Bell’s palsy cases following vaccination is not more unusual 
than in the general population [22]. Despite the inability to 
confirm the causal relationship between the vaccines and 
this complication, the timing of onset following vaccina-
tion can suggest the association. Confirmation would need 
to be studied in larger populations [23]. This reaction could 
be either immune-mediated or induced by viral reactivation 
[24], but the latter does not seem valid for COVID-19 vac-
cines since no live attenuated COVID-19 vaccine platform 
has yet been introduced.

The immune-mediated mechanism for this complication 
is thought to be through host molecules’ mimicry of the vac-
cine’s antigens or by eliciting a type I interferons response 
[25, 26]. The timing of BP onset in relationship to vaccina-
tion is unclear, although most of the cases have occurred in 
an average 4-week interval after vaccination [27]. Moreover, 
there has been a case of sequential contralateral facial nerve 
palsies following each dose of COVID-19 vaccines reported 
recently [27]. Up to now, BP has been reported following 
various COVID-19 vaccine types, including Pfizer-BioN-
Tech, Janssen, CoronaVac, Moderna, and Oxford-AstraZen-
eca vaccines [12, 23, 28–30]. Nonetheless, the risk of devel-
oping facial nerve palsy has been estimated to be higher 
with mRNA vaccines than with other vaccine platforms; this 
fact can help us decide the choice of COVID-19 vaccine in 
individuals with a history of BP [31]. It is vital to note that 
most cases of BP, regardless of etiology, are self-limiting 
and subside within a few months [32]. However, antiviral 

agents and steroids are frequently tried as a treatment and 
hasten recovery [32].

Guillain–Barré Syndrome

Guillain–Barré Syndrome (GBS) is defined as an inflam-
matory ascending polyradiculoneuropathy. The underlying 
triggers for this neurological disorder include infections 
and vaccines on an autoimmune basis [33] (Fig. 1). The 
introduction of COVID vaccines has arisen the concerns 
of developing GBS following vaccination [34] since GBS 
had been previously observed in individuals who received 
the meningococcal, tetanus-toxoid, human papillomavi-
rus (HPV), and most prominently, the influenza vaccines 
[35–39]. This complication has been reported following 
Pfizer-BioNTech, Johnson & Johnson, and ChAdOx1 nCoV-
19 COVID-19 vaccines [1, 40–42]. Moreover, one case of 
isolated bilateral facial diplegia with paresthesias (BFP), 
an uncommon variant of GBS, has been reported following 
the Janssen COVID-19 vaccination [43]. It is believed that 
vaccine-induced immune responses may trigger autoimmune 
reactions, resulting in autoantibody production against mye-
lin, resulting in GBS [40]. The diagnosis of vaccine-induced 
GBS is the same as that of other causes, through clinical and 
paraclinical findings such as cerebrospinal fluid (CSF) anal-
ysis and electromyography and nerve conduction velocity 
(EMG/NCV) studies, in addition to considering the temporal 
relationship between the event and vaccination [44]. Intra-
venous immune globulin (IVIg) (0.4 g per kg body weight 
every day for 5 days) and plasma exchange (200–250 ml 
plasma kg body weight in 5 sessions) can be considered as 
efficient treatments for GBS [45].

Transverse myelitis

Transverse myelitis (TM) is a condition where spinal cord 
segments may become inflamed, resulting in significant 
motor, autonomic and sensory deficits. [46]. Since the 
beginning of the current pandemic, several cases of TM 
have been reported in SARS-CoV-2-infected patients [47, 
48]. Apart from infections as a cause of TM, vaccines are 
of great importance in the evolution of this neurological 
condition [49]. TM following vaccination had previously 
been observed with various vaccines, including tetanus, 
measles–mumps–rubella, influenza (H1N1), hepatitis B, 
polio, and Japanese B encephalitis vaccines [50–54]. This 
neurological complication has also been reported following 
COVID-19 vaccination with viral vector-based and mRNA-
based COVID-19 vaccines. However, their association has 
not been confirmed in a number of trials [2, 55–57]. Moreo-
ver, a rare subtype of TM, known as longitudinally extensive 
transverse myelitis (LETM), has been reported following 
COVID-19 vaccination [58]. The pathophysiology of TM 
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in the settings of SARS-CoV-2 infection is thought to be 
either via direct viral neuro-invasion or immune-mediated, 
while the mechanism by which COVID-19 vaccines might 
trigger TM may be immune and inflammatory reactions [59, 
60]. The diagnosis is made by typical clinical evidence of 
bilateral sensory, motor, or autonomic dysfunction with an 
established spinal cord defect origin in magnetic resonance 
imaging (MRI) [61]. Unfortunately, TM is a neurological 
condition with unfavorable outcomes [62]. Although there 
is insufficient evidence, high-dose IV methylprednisolone 
(1 g per day for 3–7 days) has to be started immediately for 
all TM cases to improve neurological function and accelerate 
recovery [63, 64]. In a case report study, a COVID-19 patient 
with acute TM treated with high-dose IV methylpredniso-
lone (1 g daily for 3 days) showed improved neurological 

symptoms immediately after receiving IV corticosteroid 
therapy [65].

Cerebrovascular events

Since the beginning of the COVID-19 pandemic, a signifi-
cant increase in stroke rates was observed, later discovered 
to be due to SARS-CoV-2 infection [66–68]. Although not 
as common as SARS-CoV-2 infection, COVID-19 vaccina-
tion is also suspected to increase the risk of cerebrovascu-
lar events [69]. It is unknown whether the cerebrovascular 
events, including ischemic/hemorrhagic strokes and cerebral 
venous sinus thrombosis, are related to COVID-19 vacci-
nation. If they are related, it also remains unclear how the 
vaccines may contribute–by causing arterial hypertension, 

Fig. 1  COVID-19 vaccine-induced Guillain–Barré syndrome. After 
the administration of the COVID-19 vaccine, the vaccine particles 
enter the body and activate APCs, which could trigger B cells and 
 CD4+ T cells activation. Naïve  CD4+ T cells are then differentiated 
into three subgroups,  Th1,  Th2, and  Th17, producing cytokines, such 
as IL-2, IL-4, IL-10, IL-12, IL-17A, TNF-α, and IFY-γ. Moreo-
ver, B cells are converted to plasma cells, secreting antiganglioside 
antibodies. These antibodies are then gone through the blood-nerve 
barrier, binding to the ganglioside of the myelinated motor neurons 
or attaching to the neuromuscular junction. As a result of forming 
gangliosides-antiganglioside antibody complexes, MAC and mac-
rophages are activated, attacking and destroying the myelin. Such 
demyelination would decrease the speed of action potential transmis-
sion through these nerves, causing an inflammatory ascending poly-
radiculoneuropathy. IVIg administration could reverse these mecha-

nisms via 2 main pathways: triggering Treg cells, inhibiting B cells 
and inflammatory cytokines, and dimerizing with antiganglioside 
antibodies. Moreover, plasmapheresis could alleviate the symptoms 
via actively depleting inflammatory cytokines from patients’ blood-
stream. Furthermore, cysteine proteases can degrade antiganglioside 
antibodies, inhibiting this inflammatory neuropathy. Eculizumab and 
nafamostat mesylate would also inhibit MAC, alleviating the demy-
elination. Abbreviations: APC Antigen-presenting cell, TCR  T cell 
receptor, MHC II Major histocompatibility complex II, BCR B cell 
receptor, Th T helper cell, IL-2 Interleukin-2, IL-4 Interleukin-4, 
IL-10 Interleukin-10, IL-12 Interleukin-12, IL-17A Interleukin-17A, 
TNF-α Tumor necrosis factor-α, IFY-γ Interferon-γ, GBS Guillain-
Barré syndrome, IVIg Intravenous immune globulin, Treg regulatory 
T cell, TGF-β Transforming growth factor-β, PP Plasmapheresis, 
IFN-β Interferon-β, MAC Membrane attack complex
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worsening thrombocytopenia, or exacerbating a hyperco-
agulable state [70, 71]. Previously, a stroke took place fol-
lowing vaccination with various other vaccines, including 
diphtheria, measles–mumps–rubella, and influenza vaccines 
[72–74]. The probability and reports of systemic thrombotic 
thrombocytopenic events following COVID-19 vaccination 
have caused a great deal of concern and hesitancy world-
wide [71]. The Oxford-AstraZeneca (ChAdOx1 nCoV-19) 
vaccine had been the most notorious for this complication 
that many countries suspended its use [75]. However, throm-
botic events have not been uncommon following the John-
son & Johnson COVID-19 vaccine [76, 77]. Cerebrovascular 
events, including hemorrhagic and ischemic strokes, from 
venous and arterial etiologies and an increased thrombotic 
and embolic risk, have been noted [78–81]. There have been 
reports of thrombosis in the cortical veins, transverse sinus, 
sigmoid sinus, inferior sagittal sinus, the vein of Galen, and 
the straight sinus that have all presented with intracranial 
hemorrhage (ICH) and subarachnoid hemorrhage (SAH), 
shortly after COVID-19 vaccination [80–83].

However, we should take into account that individuals 
with risk factors of thromboembolic events, such as preg-
nancy, postpartum state, oral contraceptives use, surgery, 
trauma, immobilization, malignancies, and thrombophilic 
genetic or autoimmune conditions including anti-thrombin, 
protein C, and protein S deficiency, factor V Leiden muta-
tion, antiphospholipid antibodies, and hyperhomocysteine-
mia, are more prone to vaccine-induced cerebrovascular 
complications [84–87]. It is important to note that anti-
CXCL4 antibodies are responsible for most cases of vac-
cine‐induced immune thrombotic thrombocytopenia (VITT); 
this is similar to what happens with heparin-induced throm-
bocytopenia (HIT) [71, 88]. Depending on which vessel is 
involved, clinical manifestations may range from a simple 
headache, nausea, vomiting, and diplopia to focal neurologic 
signs, altered consciousness, and coma. The diagnosis of 
cerebrovascular AEs is generally made with comprehensive 
imaging, including brain computed tomography (CT), veno-
gram, angiography, and MRI [89]. Management of cerebro-
vascular events following vaccination is generally the same 
as with any other cause, with the goal being assessment and 
management of risk factors and secondary stroke preven-
tion. Heparin and platelet transfusions should be avoided 
until VITT has been excluded [90, 91]. In cases of systemic 
thrombotic thrombocytopenic events, IVIg, high-dose glu-
cocorticoids, and plasmapheresis are recommended when 
indicated to restore platelet counts and address the autoim-
mune phenomenon [79, 92].

Encephalopathy

Acute encephalopathy has been attributed to various eti-
ologies, including toxins, infections, and vaccines. One of 

the most prevalent neurological sequelae of COVID-19 has 
been encephalopathy which presents with cognitive impair-
ment, altered consciousness, and even seizures [93–96]. 
However, the condition has been observed much less fre-
quently following COVID-19 vaccination [94, 97–100]. In 
the past, several cases of encephalopathy had been reported 
after various vaccines, including hepatitis B, rabies, pertus-
sis, measles, influenza, and HPV vaccines [101–107]. The 
pathophysiologic mechanism for vaccine-induced acute 
disseminated encephalomyelitis (ADEM) seems to be the 
inflammatory cascade or the cytokine storm triggered by 
the production of spike protein from translated mRNA in the 
vaccines [108, 109]. The diagnosis of ADEM in the settings 
of COVID-19 vaccination is similar to that of other causes 
and is accomplished through clinical and cerebrospinal fluid 
(CSF) findings and imaging modalities such as brain MRI. 
The treatment consists of corticosteroids and sometimes 
IVIg and plasmapheresis [110]. Fortunately, ADEM has a 
favorable outcome if conservative support is satisfactory 
[111].

New‑onset seizures

The pathophysiologic mechanisms of seizures during a 
SARS-CoV-2 infection differ significantly from those fol-
lowing COVID-19 vaccination. In the former, specific anti-
biotic therapies, cerebral hypoxemia, acute renal failure, 
and electrolyte impairment can be the underlying reasons 
[112–114]. The latter can happen in the settings of vaccine-
induced encephalopathy or venous occlusion [97]. Before 
the current pandemic, HPV and H1N1 vaccinations had been 
related to functional (non-epileptic) seizures, which were 
believed to be psychogenic attacks [115, 116]. The associa-
tion of febrile seizure with the measles–mumps–rubella–var-
icella vaccine has long been well established [117]. It is 
unknown whether non-motor seizures are related to COVID-
19 vaccines or only a coincidence [118]. Patients with a 
known history of epilepsy or prior history of seizures may 
have a decreased threshold in the post-vaccine period due 
to the symptoms and illness. Rare attacks have included 
new-onset refractory status epilepticus that require further 
assessment and follow-up [119]. The diagnosis is based on 
clinical history, physical examinations, brain imaging (CT 
scan and MRI), electroencephalography, and serum prolactin 
level measurement. There are a variety of antiepileptic drugs 
(Table 1) that can be administered as first-line monotherapy 
in adults with epilepsy [120].

Varicella‑zoster virus reactivation

Since the beginning of the COVID-19 pandemic, several 
cases of herpes zoster have been reported in SARS-CoV-2 
infected patients, even in immunocompetent individuals 
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[121, 122]. The potential mechanism for this event is sug-
gested to be COVID-19-induced lymphopenia and  CD4+ 
T cell dysfunction [123]. Nonetheless, immunomodula-
tion, immune dysregulation, and attenuated alloreactivity 
are believed to be the underlying pathophysiology for vac-
cine-induced herpes zoster reactivation [124, 125]. Herpes 
zoster reactivation was previously reported following yel-
low fever, influenza, hepatitis A, and rabies vaccines [126, 
127]. Up to the present time, this neurological complication 
has been reported following various COVID-19 vaccines, 
including mRNA-based (Pfizer-BioNTech, Moderna), viral 
vector (Oxford ChAdOx1-S or AZD1222), and inactivated 

vaccines (COVAXIN) [125, 128–133]. Moreover, a case of 
varicella-zoster virus-induced small vessel vasculitis follow-
ing the first dose of the Pfizer-BioNTech COVID-19 vaccine 
has been reported [134]. It should be noted that in all sus-
pected cases of vaccine-induced herpes zoster reactivation, 
a de novo SARS-CoV-2 infection should be ruled out. The 
diagnosis is made with clinical manifestations (dermatomal 
rash, pain, paresthesia, dysesthesia, allodynia, and pruritus), 
immunofluorescence (IF) test for VZV antigen, and PCR 
test for VZV DNA. acyclovir, valacyclovir, and famciclovir 
(guanosine analogs) are recommended for VZV treatment 
[135].

Table 1  Summary of the proposed diagnosis and management of neurological adverse events following COVID-19 vaccination 

Neurological adverse event Diagnosis Management

Bell’s palsy History and physical examination: Rapid-onset (less 
than 72 h) unilateral paralysis of the facial nerve 
(weakness or complete loss of movement) with no 
defined reason

Oral corticosteroids (prednisolone) and antiviral 
agents (acyclovir and valacyclovir)

Guillain–Barré Syndrome Clinical and paraclinical findings such as cerebrospi-
nal fluid (CSF) analysis and electromyography and 
nerve conduction velocity (EMG/NCV) studies, in 
addition to considering the temporal relationship 
between the event and vaccination

IVIg (0.4 g per kg body weight every day for 5 days) 
and plasma exchange (200–250 mL plasma per kg 
body weight in 5 sessions) are similarly efficient 
remedies for GBS

Transverse myelitis Typical clinical evidence of bilateral sensory, motor, 
or autonomic dysfunction with an established 
spinal cord defect origin in magnetic resonance 
imaging (MRI)

High-dose IV methylprednisolone (1 g daily for 
3–7 days)

Cerebrovascular events Brain computed tomography (CT), venogram, angi-
ography, and MRI

IVIg
High-dose glucocorticoids
Plasmapheresis
Non-heparin anticoagulants (like fondaparinux and 

argatroban)
Encephalopathy Clinical and cerebrospinal fluid (CSF) findings and 

imaging modalities such as brain MRI
Corticosteroids and sometimes IVIg and plasmapher-

esis
New-onset seizures Clinical history, physical examinations, brain imag-

ing (CT scan and MRI), electroencephalography, 
and serum prolactin level measurement

Narrow-spectrum drugs (focal seizure) Carbamaz-
epine

Eslicarbazepine
Gabapentin
Lacosamide
Oxcarbazepine
Phenytoin
Broad-spectrum drugs (focal and almost all general-

ized seizures)
Lamotrigine
Levetiracetam
Topiramate
Valproate
Zonisamide

Myasthenia gravis exacerbation Suspected through compatible signs and symptoms 
of fatigable muscle weakness and confirmed by 
EMG studies, pharmacologic testing, and serum 
Ab assay

Pyridostigmine (30 mg 3–4 times a day, then can be 
increased to 60 mg 4 times a day)

Oral prednisone (0.75–1 mg per kg daily)
Azathioprine
Cyclosporine
Tacrolimus
Rituximab

Varicella-zoster virus reactivation Clinical manifestations (dermatomal rash, pain, par-
esthesia, dysesthesia, allodynia, pruritus), IF test 
for VZV antigen, PCR test for VZV DNA

Acyclovir (800 mg orally 5 times a day for 7–10 days)
Valacyclovir (1 g orally 3 times a day for 7 days)
Famciclovir (500 mg orally 3 times a day for 7 days)
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Miscellaneous neurological adverse events

Apart from the aforementioned neurological side effects, 
some other AEs, including narcolepsy, small fiber neuropa-
thy, neuroleptic malignant syndrome (NMS), and multiple 
sclerosis flare-ups, have been reported following COVID-
19 vaccination, although their causal relationships are not 
confirmed [4, 136–139].

Relative risks of neurological adverse events 
in SARS‑CoV‑2 infection vs. post‑COVID‑19 
vaccination

Many studies have reported various neurological disorders 
associated with COVID-19 infection and vaccines [80, 
140–143]. However, given the shortage of comprehensive, 
prospective studies, it is still far too difficult to establish 
cause-effect relations between these factors. Therefore, 
future studies should determine the real risk of these adverse 
events following COVID-19 vaccination. Until then, it does 
not seem reasonable to limit vaccine administration. None-
theless, considering the existing data, in this section, we 
have summarized some studies reporting cases of neurologi-
cal adverse events associated with SARS-CoV-2 infection or 
vaccination (Table 2).

Conclusion

The present review can help healthcare workers and also the 
general population by emphasizing these points: any neuro-
logical symptom after COVID-19 vaccination can be poten-
tially critical and needs to be cautiously evaluated; for any 
suspected adverse event following vaccination, we should 
initially exclude current or recent SARS-CoV-2 infection; 
and despite the current literature on serious complications 
imposed by COVID-19 vaccines, the benefits of vaccination 
outweigh the risks in ending the current pandemic since all 
of these complications can occur with the infection itself.
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